Abstract Although maternal stress and depression have been linked to adverse birth outcomes (ABOs), few studies have investigated preventive interventions targeting maternal mental health as a means of reducing ABOs. This randomized controlled study examines the impact of Family Foundations (FF)-a transition to parenthood program for couples focused on promoting coparenting quality, with previously documented impact on maternal stress and depression-on ABOs. We also examine whether intervention buffers birth outcomes from the negative effect of elevated salivary cortisol levels. We use intent-totreat analyses to assess the main effects of the FF intervention on ABOs (prematurity, birth weight, pregnancy complications, Cesarean section, and days in hospital for mothers and infants) among 148 expectant mothers. We also test the interaction of cortisol with intervention condition status in predicting ABOs. FF participation was associated with reduced risk of C-section (OR .357, p \ 0.05, 95 % CI 0.149, 0.862), but did not have main effects on other ABOs. FF significantly buffered (p \ 0.05) the negative impact of maternal cortisol on birth weight, gestational age, and days in hospital for infants; that is, among women with relatively higher levels of prenatal cortisol, the intervention reduced ABOs. These results demonstrate that a psycho-educational program for couples reduces incidence of ABOs among higher risk women. Future work should test whether reduced maternal stress and depression mediate these intervention effects.
Introduction
The morbidity associated with adverse birth outcomes (ABOs)-including preterm birth, low birth weight, and neonatal health problems-is considerable both in the US (relative to other industrialized countries) and globally [1] [2] [3] [4] . Children born preterm or at low birth weight are at increased risk for mortality, medical conditions such as diabetes and hypertension, poor developmental outcomes, and behavioral problems [5] [6] [7] [8] . ABOs are associated with increased risk for long-term problems such as chronic health issues, low-educational attainment, and psychological disorders well into adulthood [8] [9] [10] . ABOs result in substantially increased health burdens and subsequent economic consequences. Health care costs double for births at 32-36 weeks and increase exponentially at earlier gestation lengths [2, 11] .
Most approaches for improving birth outcomes focus on access to prenatal health care, maternal health-promoting behaviors, and avoidance of exposure of the fetus to harmful factors such as maternal smoking and drug use [12, 13] . However, current research links prenatal maternal stress and depression with ABOs, presenting a new malleable prevention target: pregnant women's mental and emotional health [14] [15] [16] [17] [18] [19] . The research linking mother's prenatal depression and anxiety with ABOs is robust; however, this research has been largely observational and correlational in nature [18, 19] . Experimental evidence can provide greater confidence in causal relations between prenatal maternal mental health and birth outcomes.
Recent intervention studies found that reducing highrisk pregnant women's stress and depression via yoga, massage therapy, and cognitive behavioral therapy reduces risk for low birth weight and preterm birth [20] [21] [22] [23] . However, despite research indicating that partner support is a key influence on maternal mental health [24] [25] [26] [27] , no intervention studies have tested whether reducing maternal psychological distress via a focus on support in the interparental (couple) relationship could have similar effects. This is important as it might be possible to incorporate prevention material concerning relationship issues into existing universal programs, such as prenatal preparation and education. Moreover, reducing ABOs via strengthening support in a pregnant woman's primary relationship may have collateral and long-term benefits. Coparenting relations are newly formed during the transition to parenthood, often amidst some degree of stress for each parent and the couple relationship [28] . Early dynamics in the new coparenting relationship influence long-term coparenting relationship patterns. Thus early positive intervention impact on coparenting may be carried forward as more positive long-term family relationship dynamics. Such persisting positive effects would provide ongoing benefits for each parent's mental health, the relationship quality, and-as coparenting has been shown to impact parenting quality and child outcomes-the child's emotional/behavioral problems and competencies [29] [30] [31] . In contrast, the benefits from yoga or massage therapy may be more circumscribed in both duration and generalization to other spheres of health and family functioning.
To our knowledge, no randomized trial has shown that a universal program providing psychosocial support and education, delivered prenatally, can prevent ABOs. In this report, we test the effect on ABOs of a group-format program designed to prepare couples to enter parenthood together in a supportive manner. Family Foundations (FF)-consisting of a series of classes for first-time, expectant couples-has been shown to reduce maternal stress and depression measured at 6 months after birth [29] . We reason that, as half of the eight FF classes took place before birth (the remaining classes took place 3-6 months after birth), the program's impact on maternal stress and depression may have begun during pregnancy. Thus, we hypothesize that the program's impact in reducing maternal negative emotional states reduces risk of ABOs.
We also assess evidence of risk moderation. In this case, we hypothesize that FF offers relatively greater beneficial impact for women at higher risk for ABOs due to elevated cortisol during pregnancy. The hypothalamic-pituitaryadrenal (HPA) axis is linked to stress, depression, and physical health problems [32] . Cortisol levels in saliva-an indicator of HPA activity-rise to a plateau during pregnancy; near the end of pregnancy [33, 34] , cortisol levels rise and likely play a role in triggering labor [35] . Thus, women with higher levels of cortisol are more likely to enter labor at shorter gestational ages and have low birth weight babies [36] [37] [38] [39] .
We test the impact of FF as a protective factor, buffering the negative impact of high cortisol levels. Because we did not measure women's stress and depression before childbirth (apart from the pre-intervention assessment), we are not able to test whether it is in fact the program's impact on maternal psychological well-being that is responsible for detectable improvement in birth outcomes. However, evidence of buffering ABOs would be consistent with our expectation that the program's impact on stress and depression began during the prenatal portion of the program. Findings of program impact in this study would support further development and testing of interventions that promote maternal mental health-especially interventions that enhance the supportiveness and overall quality of primary relationships, particularly the coparenting relationship.
Patients and Methods

Study Design
This randomized controlled study assessed couples at pretest when mothers gestational ages averaged 22.4 weeks (SD = 5.3), as well as at three periods after birth: 6 months, 1 years, and 3 years. At pretest, respondents were interviewed in their homes by trained research assistants, who also collected cortisol samples from the expectant parents. At posttest, parents separately mailed in questionnaires. Control group families were mailed literature on selecting quality childcare and developmental stages.
After pretest, couples were randomized to condition. The FF intervention consisted of nine classes, with four weekly classes conducted during the 2nd or 3rd trimester of pregnancy and four weekly classes conducted within the first 6 months post-partum. Classes focused on emotional self-management, conflict management, problem solving, communication, and mutual support strategies that foster positive joint parenting of an infant. Average attendance was 5.5 classes for mothers and 5.4 classes for fathers, with only 3 % of mothers and 5 % of fathers attending no sessions. Approximately 80 % of couples attended at least 3 of the prenatal classes, and 60 % of couples attended at least 3 postnatal classes. A male-female facilitator team led each class; the female was a childbirth educator in all cases, and males came from various backgrounds but were experienced working with families and leading groups. Respondent engagement and participation were assessed through participant feedback and report of homework completion, and facilitator's ratings of participant engagement. Observer coding of videotaped classes indicated high levels of fidelity. Further details of the study are available elsewhere [29, 31] . The study was approved by the Penn State University Institutional Review Board.
Participants
The FF intervention was tested on a sample of 169 heterosexual couples residing in two cities in central Pennsylvania with surrounding rural areas, and predominately white populations. Both areas were comprised largely of working-class and middle-class populations. Eligibility requirements stipulated that couples were age 18 and above, living together, and expecting a first child at recruitment. These couples were primarily recruited through childbirth education programs, media advertisements, fliers, and word of mouth. The analytic sample consisted of 147 mothers (71 from control, and 76 from the intervention group) who completed interviews when children were 6 months old (wave 2), interviewed from 2004 to 2006. At pretest, mothers had a mean age of 28.4 years (SD = 4.9), mean education of 15.2 years (SD = 1.8), and mean household income of $68,900 (SD = $34,629). Compared to the local populations, the FF sample had higher education levels and income [40] . Of these respondents, 92.1 % were non-Hispanic white, and 85 % were married and 15 % cohabiting. We excluded five families (two intervention and three control) because of severe parent and infant non-birth related medical problems (e.g., severe congenital defect, death of mother prior to interview) or multiple births. Excluding these five families, participation rates among the 164 eligible respondents and 132 respondents with cortisol data are, respectively, 89.6 and 93.1 %. Although the sample size is modest, analyses would provide sufficient power (0.85) to detect a medium effect in terms of standardized group mean differences [41] .
To assess randomization, we performed attrition analysis and baseline equivalence testing by intervention condition. Results showed baseline equivalence across a wide array of pretest variables including self-reported measures of physical health (hypertension, BMI, overall health), mental health (depression, anxiety), and alcohol, tobacco, and substance use [29] . We also did not find evidence of differential attrition at the 6-month follow-up.
Measures
During in-home interviews, respondents completed questionnaires that included basic demographic information on the mother, including age, education (highest grade complete), marital status (cohabitating versus married), health (ranging from 1 to 4, with '1' being poor and '4' being excellent), height and pre-pregnancy weight. To control for the influence on substance use on ABO risk, we utilize maternal reports for tobacco usage (frequency, prior 30 days), history of alcohol related problems (number of occurrences), and illicit drug usage (frequency, prior 5 years). Salivary cortisol levels of mothers were also taken at pretest. We note that no measures were collected on paternal outcomes at childbirth, so measures provided by the father were not available for this study.
At the 6-month follow-up, data on pregnancy and delivery outcomes were collected via surveys taken by the mother (the date birth outcomes were first available). These variables included child sex and birth weight, gestational age at delivery, delivery mode, post-birth mother and newborn length of hospital stay, and complications of pregnancy and delivery. Complications were reported by mothers in an open-ended question; responses were reviewed and categorized by the study's pediatrician co-author (I.P.); complications included failure to progress (n = 2), fetal size or position (n = 6), miscellaneous maternal complications (n = 1), maternal complications related to labor/delivery (n = 4), fetal distress (n = 16). Delivery mode is an indicator for childbirth via Caesarian section (0 = vaginal birth, 1 = Cesarean birth). Mothers reported on number of days of infant and mother length of hospital stays after birth. In order to reduce influence of outliers, we truncated extreme scores identified by box plots. The number of cases and truncation values are as follows: 1 low gestational age: four cases to 31 weeks; 2 high newborn length of hospital stay: seven cases at 16 days; 3 high maternal length of hospital stay: one case at 6 days.
Salivary cortisol samples were collected during a home visit by a trained research assistant, during which expectant mothers and fathers completed separate surveys and were videotaped during couple support and conflict discussions. A subset of 123 mothers (61 from control, and 62 from intervention) had cortisol levels measured at pretest. In a comparison of means on key sample characteristics, mothers providing cortisol data did not significantly vary from the full sample at wave 2. Due to the typical circadian rhythm, cortisol levels vary throughout the day (declining generally from peak levels after awakening); we attempted to interview couples in the afternoon or early evening to limit variability based on time of day. As such, roughly 80 % of the sample were interviewed after 4 pm (mean 24-h time = 17.9, SD = 2.3 h).
During the course of the home visit at pretest, three salivary samples were obtained from participants and later assayed for cortisol. A baseline sample (t0) was collected shortly after the interviewer explained the procedures and obtained consent. Two subsequent samples were taken during the course of the interview to assess cortisol reactivity and recovery after exposure to stressful couple dynamics. We use the baseline measure in the current analyses given that it best represents the characteristic biological state of the mother in this period. More complete details on the three cortisol measures are available elsewhere [42] .
Because cortisol levels may be affected by recent meals [43] , subjects were asked to avoid eating 1 h before interviews; if the subject had reported eating during that period, the cortisol-related tasks were delayed. Within our sample, there was no correlation between time since last meal and mother's cortisol levels, suggesting these procedures addressed this potential confound.
After collection, saliva samples were kept on ice, frozen within 8 h, and stored at -20°C until transported to Salimetrics laboratories (State College, PA, USA) where they were stored at -80°C until the day of assay (samples were processed within 2 weeks after arriving at the lab). At that time, samples were thawed and then centrifuged at 3,000 rpm for 15 min to remove mucins. Samples were assayed using a commercially available enzyme immunoassay for salivary cortisol without modification to the manufacturers recommended protocol (Salimetrics LLC). The test used 25 lL of saliva, had a lower limit of sensitivity of.007 lg/dL, range of sensitivity from 0.007 to 3.0 lg/dL, and average intra-and inter-assay coefficients of variation of \5 and 10 %. All samples were tested in duplicate, and the average of the duplicate tests was used in the analyses. Cortisol units reported here are expressed as micrograms per deciliter (lg/dL).
Other variables that could influence birth outcomes were included as controls. These included child gender and preintervention maternal characteristics: marital status, years of education, age, pre-pregnancy BMI, self-rated health, and substance use. For the latter, we used self-report measures for illicit drug use (number of times within prior 5 years), tobacco use (number of times within prior 30 days), and lifetime history of alcohol problems (number of distinct problems).
As expected, mothers' baseline cortisol levels were significantly predicted by gestation period and the time of day [37] . To remove the influence of these measurement artifacts, we generated residualized cortisol scores using regression models with these two predictors. These residualized scores are used in all statistical models. To reduce the impact of outliers, five values were truncated (i.e., set to threshold levels based on distributional box plots).
Residualized scores were also multiplied by a factor of ten to generate comparable variation across variables. The residualized scores had a mean of zero and range between-1.4 and 2.1.
Analysis
We used regression models to examine (a) main effects of the intervention on ABO's for the full sample; and (b) whether the intervention moderated associations between mother cortisol and pregnancy outcomes. In all models, we also tested for non-linear moderation using a quadratic term, reporting statistically significant models (p \ 0.05). (We focused on quadratic associations after finding that higher-order interactions did not improve model fit.) We also tested, but do not report results for child-gender moderation of main and moderated effects; there were no significant child-gender moderation results. We note that the term moderation here is analogous to statistical interaction or effect modification; moderation refers to systematic differences in the effect of a predictor on an outcome across levels of the moderator variable.
Standard linear regression models were used to analyze child birth weight and mother's gestation length; logistic regression models were used to analyze pregnancy complications and Cesarean section; negative binomial regression (addressing issues of skewed count data) was used to model the number of days spent in the hospital post birth. To address heteroskedasticity among predictor variables, Huber-White standard errors were estimated for all regression models.
Below, we report supplemental analyses examining if delivery mode mediates an association between condition status and experiencing pregnancy complications. This analysis uses standard mediation models in our analysis, as outlined by MacKinnon and Dwyer [44] , to see if the reduction in C-sections may have indirectly resulted in few birth complications experienced by the mother.
Results
Descriptive statistics, variable constructs, and unit-ofmeasurement (where appropriate) are reported in Table 1 for birth outcomes, baseline cortisol levels, and control variables used in analysis. The descriptive statistics are presented by condition status, and show that mothers in the treatment and control group have similar age, socioeconomic, health, and alcohol/substance usage profiles.
As Table 1 also indicates, the mean, standard deviation, and ranges for both raw and residualized cortisol are similar by condition status. The ranges for raw cortisol are [0.042, 0.669] for the treatment condition and [0.042, 0.679] for the control. Although reference ranges for salivary cortisol are not yet well-established in current research, our sample mean, standard deviation and range of raw cortisol values are comparable to recent work by Giesbrecht et al. [45] for salivary cortisol samples taken late in the day during the 2nd and 3rd trimester of pregnancy. Our raw cortisol values are also roughly comparable to those described in other studies [37, 46, 47] . T tests were conducted on all pre-test variables involved in analyses in order to assess potential baseline condition differences. We found no condition differences on model predictors from wave 1.
Results of tests of main intervention effects and statistical interactions of condition X maternal cortisol level are provided in Table 2 and are presented by birth outcome.
Birth Weight
For models of infant birth weight, we found a significant non-linear moderating effect between cortisol and intervention condition (p \ 0.05). As shown in Fig. 1 , birth weight was relatively stable among children born to intervention group mothers across all levels of cortisol; in contrast, birth weight was negatively associated with cortisol for control mothers with moderate to high levels of cortisol. To assess whether the effect on birth weight might be attributable to premature birth (see below), we ran an additional model including a control for the number of weeks the child was born premature. Results showed that cortisol moderation was non-significant when controlling for weeks of prematurity.
Gestational Age at Birth
The model for gestational age also indicated a significant non-linear cortisol 9 condition effect (p \ 0.05). As shown in Fig. 2 participants in the intervention group maintained a relatively stable gestation length regardless of cortisol level. In contrast, gestation length among control group mothers declined substantially to 35 weeks among those with high cortisol levels.
Delivery Mode
We found a main effect of the intervention condition indicating a lower likelihood for C-section (OR = 0.357, p \ 0.05), which was not moderated by maternal cortisol level.
Pregnancy Complications
Although the percentage of those indicating pregnancy complications was lower for the intervention group (Table 1) , we found no significant main or moderating effects for this outcome in statistical models. We noted that pregnancy complications and delivery mode were significantly associated (r = 0.34). However, in supplemental analyses, we found that the relation between condition status and delivery mode (reported above) was not mediated by pregnancy complications.
Newborn Length of Stay
The results for newborn length of stay also revealed a significant non-linear moderated cortisol 9 intervention condition effect (p \ 0.05). A plot of this interaction (Fig. 3) shows the number of days in hospital remained relatively constant across maternal cortisol levels for intervention group participants. In contrast, among the control group, the newborn length of stay increased from Cond. = intervention condition status; Cort. = mother's residualized baseline cortisol levels; (Cort.) 2 = Residualized cortisol-squared. Model 1 includes control variables and condition; Model 2 adds mother's cortisol and term for the interaction of mother's cortisol and condition status, and, if significant, quadratic cortisol term and its interaction with condition. To evaluate direction of results, we present raw coefficients for logistic and negative binomial regression ? p \ 0.10; * p \ 0.05; ** p \ 0.01; *** p \ 0.001 *3 days at low levels of prenatal maternal cortisol to *14 days at high cortisol levels.
Discussion
We found evidence in intent-to-treat analyses that assignment to the FF program was associated with reduced frequency of C-sections for the whole sample, and reduced several ABOs for women with relatively higher levels of cortisol. Given that we only found a main effect of the program for one of six outcomes, this evidence is not conclusive. Follow-up analyses (not described) indicated that the impact on C-sections was a result of reduced birth complications arising from fetal position (e.g., breech birth) and labor progression. Further research is in order with a larger sample to assess whether in fact the program is effective in reducing the rate of C-sections and, if so, what are the underlying causal mechanisms.
We found more consistent evidence that the program has a positive impact on ABOs for women with relatively high levels of cortisol during pregnancy. High cortisol levels, reflecting a high level of HPA-axis activation, may represent a physiological response to acute stress that increases risk for prematurity and low birth weight. Exposure to the FF program appears to have had a positive impact on birth outcomes among women demonstrating elevated cortisol. Unfortunately, we did not collect data on changes in maternal depression and stress until 6 months postpartum, and thus we do not know the extent to which reductions in maternal stress and depression occurred during the prenatal period as a result of the prenatal portion of the curriculum. It is reasonable to hypothesize that program effects on stress and depression were evident during pregnancy as higher attendance was obtained for the prenatal versus postnatal portion of the curriculum [29] . Thus, we propose that the program's documented effect in reducing postpartum maternal stress and depression occurred during pregnancy and was responsible for improvements in birth outcomes. However, future work should measure maternal mental health during pregnancy and thus facilitate meditational analyses to document the pathway of program influence on birth outcomes.
Prior work has shown that yoga, massage, and cognitive-behavioral therapy also reduce risk for preterm birth and low birth weight [20] [21] [22] [23] . FF, in contrast, targets couples rather than only mothers. Implementation of a couples-oriented program is more difficult logistically than intervening only with the mother. However, research shows that support from a partner is the strongest predictor of maternal depression-apart from a prior history of depression. [24, 26, 27, 48] . Research on ''fragile families''-families consisting of unmarried, lower income, and frequently young parents-shows that even among highrisk and economically vulnerable populations, positive mother-father relations are crucial for maternal well-being and positive parenting, father involvement, and child competence and adjustment [49] [50] [51] . By focusing on enhancing the coparenting relationship, FF has demonstrated an impact on a range of important child and family outcomes, including enhanced couple relations, parent well-being, parenting quality, and child emotional/behavioral problems through at least age 6. Practitioners and policy makers may be concerned about the feasibility of deploying couple-focused programs, especially for high-risk families where biological fathers may be difficult to engage. However, research on high-risk families indicates that most fathers and mothers are committed to one another and their child at time of birth [52, 53] . Fathers also do in fact have substantial contact with children, especially in the months after birth. For example, among families in the database of a regional home visiting database for Every Child Succeeds, located in the Cincinnati region, 86 % of fathers in high-risk families see their 6-month-old children at least weekly and 67 % see them every day. However, over time, parenting stress, role overload, and coparenting conflict play a substantial role in relationship breakup and disengagement of fathers from children [54] . Couples-oriented prevention may enhance father's long-term engagement in parenting and support of the mother-even if the romantic relationship dissolves.
Among the strengths of this study is that we utilized intent-to-treat analyses. Thus, the impact of the program reported here is for all couples assigned to the program condition, regardless of attendance. However, some limitations of this study should be noted. The data come from samples taken in central Pennsylvania mid-sized cities, so results may not generalize to certain areas of the country. Recruitment of participants relied on their consent to attend classes, although this represents how program participation would occur in dissemination. We note, however, that randomization to intervention groups was executed properly and thus tests of group differences are valid. Differential attrition was not found to be an issue for outcomes measured within 6 months of the pre-natal classes. In analyses, cortisol was represented by one measure taken during a pre-test home visit. It is possible that a more involved assessment of cortisol (e.g., based on multiple samples) would provide a more reliable measure. We do not currently have reference ranges that would indicate salivary cortisol levels that would be considered elevated or high-risk in an absolute sense; this is an important area for future study. Thus, cortisol elevation in this study is based on internal, relative comparisons within the sample.
Future research could help us further understand how a program such as FF leads to improved birth outcomes, especially if more data are available to assess maternal physical and mental health status (e.g., stress, anxiety, depression symptoms) at several times during pregnancy. Further, examining the biological pathways by which maternal stress affects fetal development and birth outcomes is an important direction for future research, as is the development of refined models of what types of stressors in interaction with what internal coping and external supports are detrimental. Although study findings require replication and extension, results here suggest that implementing a couples-focused prevention strategy holds promise for improving birth outcomes among higher risk mothers.
